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Question 1 (20 marks) 
With regard to water quality: 
a) Summarise the ways in which oxygen may be exchanged between a riverine flow 
and the atmosphere. 
(4 marks) 
b) Sketch a typical oxygen-sag curve, labelling the axes and indicating any important 
points on the curve. 
(6 marks). 
c) State four biological, or chemical, factors that can affect the quality of a body of 
water. 
(4 marks) 
d) Describe, with the aid of a sketch, three typical zones within a mature river system 
as differentiated by their dominant sediment transport processes. 
(6 marks) 
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Question 2 (20 marks) 
Two pipelines are constructed to allow water (at 20 °C) to flow from a large reservoir to a 
supply tank located close to an urban community in a region where the acceleration due to 
gravity g may be assumed to be 9.81 m/s2• 
As shown in Figure 021 the first pipeline comprises two pipes, AB and BC, which are 
connected in series, and the second pipeline comprises a single pipe, DE. 
RESERVOIR 
A 
SCHEMATIC DIAGRAM OF PIPELINES 
CONNECTING RESERVOIR AND TANK 
Figure Q2 
TANK 
The vertical height difference between the free water surfaces in the reservoir and the tank 
is 50 m. Details of pipes AB, BC, and DE are given in Table Q2. 
Table Q2 
Pipe Diameter (mm) Length (m) }\ 
AB 450 650 0.020 
BC 600 500 0.017 
DE 600 1200 0.012 
a) Determine the total discharge (in m3/s) from the reservoir into the tank when both 
pipelines are in use. 
(16 marks) 
b) List four measures that a utility could reasonably take to prevent theft of water from 
such a pipe network. 
(4 marks) 
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Question 3 (20 marks) 
Inflows and outflows within a single-loop network of pipes ABCD are shown in Figure Q3. 
Locations A, 8, C, and D are all at the same height above datum. Details of pipe lengths, 
diameters, and values of friction factor A are given in Table Q3. The acceleration due to 
gravity g may be assumed to be 9.81 m/s2• 
a) Determine the directions and approximate values of discharge in each pipe (in Ifs) 
using two complete iterations of the Hardy-Cross method of analysis. 
(17 marks) 
b) Using the latest values obtained from Q3(a), determine the pressure difference (in 
N/m2) between locations B and D in the network, and state which of the two 
locations is at the lower pressure. 
(3 marks) 
Hint: assume initially that Q8c = 110 Ifs, assuming a· positive flow to be in a clockwise 
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Question 4 
Storm drainage of a small catchment (where g may be assumed to be 
9.81 m/s2) is achieved using four pipes as shown in Figure Q4. Initial 
analysis indicates optimum diameters for Pipes 1.0 and 2.0 are 250 
mm and 200 mm, respectively. 
a) Using the Rational Method, and the data in Tables Q4a to Q4c, 
determine the minimum diameters required for each of the 
remaining pipes. Assume that CR = 1.3. 
The available pipe sizes are given in Table Q4c, together with 
pipe-full velocities at different gradients. All of the pipes have 
the same surface roughness (ks = 0.5 mm). 
Values of impervious areas given in Table Q4a are tributary 
areas, i.e. they are not cumulative areas. 
Table Q4a 
Pipe number Pipe length (m) Pipe gradient (m/m) Impervious area (ha) tanuy (min) ks (mm) 
1.0 300 0,020 0.40 4 0.5 
2.0 250 0,025 0.30 4 0.5 
3.0 350 0,020 1.50 4 0.5 
1.1 300 0.030 0.40 4 0.5 
Table Q4b 
Duration (min) 5.6 5.8 6.0 6.2 6.4 6.6 6.8 7.0 7.2 7.4 
Rainfall (mm/hr) 58.3 57.3 56.3 55.3 54.4 53.5 52.7 51.8 51.0 50.3 
Table Q4c (ks= 0.5 mm) 
(20 marks) 








7.6 7.8 8.0 8.2 
49.5 48.8 48.1 47.5 
Gradient= 0.020 Gradient= 0.025 Gradient= 0,030 
Pipe Pipe full Pipe Pipe full Pipe Pipe full 
diameter velocity diameter velocity (m/s) diameter velocity (m/s) 
(mm) (mis) (mm) (mm) 
200 1.76 200 1.97 200 2.16 
250 2.03 250 2.27 250 2.49 
300 2.28 300 2.55 300 2.79 
350 2.51 350 2.81 350 3.08 
400 2.73 400 3.06 400 3.35 
450 2.94 450 3.29 450 3.61 
500 3.14 500 3.52 500 3.85 
550 3.34 550 3.73 550 4.09 
b) List three practical factors affecting your final choice of pipe diameters in Q4a) 
(3 marks) 
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Question 5 
a) Explain what is meant by the term "probable maximum precipitation 11 • 
(20 marks) 
(2 marks) 
b) Assuming that a 10% probability of overtopping of a diversion bund is acceptable 
due to flooding in its 20-year service life, calculate the return period for the design 
flood that best fits the aforementioned circumstances. 
(4 ~arks) 
c) Values of maximum discharge in a flood relief channel occurring each year between 
1970 and 2008 inclusive are presented in Table Q5. Using these data, predict the 
maximum discharges that should be expected to occur during floods: 
I) 
ii) 
with an Annual Recurrence Interval of 1 O years; 
with an Annual Recurrence Interval of 5 years. 
Explain how your answers were obtained. 
Table QS 
Max. discharge Max. discharge 
Year Year Year 
(m3/s) (m3/s) 
1970 128.2 1983 257.8 1996 
1971 562.3 1984 317.8 1997 
1972 246.2 1985 378.4 1998 
1973 339.7 1986 258.0 1999 
1974 448.7 1987 443.6 2000 
1975 316.3 1988 261.3 2001 
1976 284 1989 142.5 2002 
1977 192.3 1990 424.8 2003 
1978 319.5 1991 592.4 2004 
1979 413.8 1992 222 2005 
1980 385.8 1993 131.7 2006 
1981 321.9 1994 183.1 2007 


















d) Outline three factors affecting the desirability of the installation of a hydro-power 
generation set downstream of this flood relief channel. 
(6 marks) 
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